

























































































































































































































































































































































































































































































































































































































































































































 −2(𝑙! − 𝑙!),	where	L	follows	a	𝜒!!	distribution	under	the	null	hypothesis	that	there	
is	no	association	between	gene	set	membership	and	number	of	genomic	regions	(i.e.	
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𝑌! ∼ Poisson 𝜆!  




	where	𝑖 = 1,2, . . ,𝑛	is	the	cell	index,	𝑇! 	is	the	library	size	(sum	of	all	counts	over	all	
genes)	for	the	cell,	𝑋! 	are	the	predictors	and	other	covariates	relating	to	the	cell,	𝑢! 	




















𝑯 = 𝑫!𝟏 + 𝜎!!𝒛𝒛𝑻 + 𝜎!!𝑰𝒏	
where	D	is	a	diagonal	matrix.	If	we	define	A	as	
𝑨 = 𝑫!𝟏 + 𝜎!!𝑰𝒑 
then	A	is	also	a	diagonal	matrix	and	we	can	use	Woodbury’s	matrix	identity	
(Woodbury	1950)	to	invert	H	=	A+𝜎!!𝒛𝒛𝑻	:	



























































































































































































𝝁	 -10	 -7	 -4	 	
Power	 0.446	 0.875	 0.917	 	
𝝈𝒖𝟐 	 0.1	 0.25	 0.33	 0.5	
Power	 0.967	 0.875	 0.608	 0.006	
𝝈𝒆𝟐	 0.25	 0.5	 1.0	 1.5	
Power	 0.997	 0.991	 0.875	 0.677	
Table	4.2	Power	for	PQLseq	when	modifying	other	variables.		




































Method	 PQLseq	 edgeR	 edgeR	
(agg)	
Lin.reg	 limma	 MAST	 DESeq2	
Power	
(x10!!)	


























































For	cell	𝑖 = 1. .𝑛,	




= 𝜇! + 𝑿!⋅ 𝛼 ∘ 𝛽 + 𝛾𝑍!  
ln 𝜆 = ln 𝑇! + 𝜇! + 𝑿!⋅𝛽 + 𝑒! 	
where 𝛿!	is	a	point	density	at	0,	𝑿!⋅	is	a	vector	of	covariates,	𝑍! 	is	a	covariate	specific	
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